Objective: To determine if nebulized epinephrine is more efficacious than nebulized albuterol in the emergency department (ED) treatment of moderately ill infants with bronchiolitis.
D
ESPITE WIDESPREAD USE OF inhaled ␤ 2 -agonists for bronchodilation in infants with bronchiolitis since the late 1950s, the efficacy of these drugs remains unproven. [1] [2] [3] In 1978, Wohl and Chernick 4 suggested that epinephrine, a combined ␣-and ␤-receptor agonist, would be an ideal bronchodilator. At the time of our manuscript preparation, only 3 emergency department (ED)-based studies comparing nebulized epinephrine with nebulized salbutamol (albuterol) or placebo had been published in the English-language literature. [5] [6] [7] A study of 41 infants (aged, 6 weeks to 1 year), with first-time wheezing and "symptoms of viral respiratory infection," 5(p1004) demonstrated a greater improvement in the mean percent oxygen saturation and a lower hospital admission rate in infants treated with epinephrine. The epinephrine was found to be superior to salbutamol in a study of 91 children, 0 through 2 years of age, presenting to an ED with "wheezing associated with respiratory tract infection." 6(p13) In contrast, no benefit was demonstrated among 38 infants treated with just 1 dose of either epinephrine or placebo in an acute care setting. 7 In our ED at St Christopher's Hospital for Children, Philadelphia, Pa, nebulized albuterol has been the standard of care used for the treatment of children with bronchiolitis. In this study, we sought to determine if 2.25% racemic epinephrine was more efficacious than 0.5% albuterol sulfate in the treatment of bronchiolitis in moderately ill infants, as measured by the degree of clinical improvement (change in clinical score [Respiratory Distress Assessment Instrument]andchangeinrespiratoryrate),change in room air oxygen saturation (RAO 2 ), elapsed time to meeting clinical criteria for ED discharge, hospitalization rate, and the proportion of patients returning to medical attention for clinical deterioration within 72 hours of ED discharge (relapse rate).
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METHODS
We conducted a prospective, randomized, double-blind study of epinephrine vs albuterol in the ED treatment of infants moderately ill with bronchiolitis. Candidates for the study were patients younger than 12 months who presented to the St Christopher ' s Hospital for Children with an acute episode of wheezing, an antecedent upper respiratory tract infection, and a moderate degree of illness (Respiratory Distress Assessment Instrument [RDAI] 8 score, 8-15 [ Table 1] ). Patients older than 1 year were not enrolled in an attempt to avoid including patients with reactive airway disease who will ultimately be diagnosed as having asthma. Other exclusion criteria were a history of wheezing or chronic cardiorespiratory disease (eg, bronchopulmonary dysplasia), suspected cardiac disease, prior bronchodilator use, and a temperature of 38.0°C or higher in infants younger than 2 months. The ordering of respiratory syncytial viral enzyme-linked immunosorbent assays and chest radiographs was left to the discretion of the ED physician. This study was approved by the hospital's institutional review board.
On arrival to the ED, eligible infants were identified by a research assistant who then notified the physician investigator (C.C.M., R.J.S., L.R.F., T.C., C.S., K.A.B., or M.A.H.T.) on call. The investigator examined the infant and assigned an RDAI score. Infants meeting inclusion criteria were invited to participate in the study and written informed consent was obtained from a parent or guardian. Each infant's weight, respiratory rate, RAO 2 (as determined by pulse oximetry), and heart rate were recorded. To test the study hypothesis that epinephrine is more efficacious than albuterol in the ED treatment of infants moderately ill with bronchiolitis, enrolled patients were randomly assigned to receive a dose of either 2.25% racemic epinephrine (0.9 mg/kg) or 0.5% albuterol sulfate (0.15 mg/kg) combined with 2 mL of a 0.9% isotonic sodium chloride solution, delivered by nebulizer using a face mask with continuous flow of 100% oxygen at 6 L/min.
Randomization of patients to receive either epinephrine or albuterol was achieved using a table of random numbers, prepared by a hospital pharmacist. The research assistant calculated, prepared, and administered all study drug doses. Neither the investigator nor the parent or guardian was present for the drug preparation and administration. At no time did the research assistant reveal the drug's identity to either party. In this way, both parties remained blinded. The adverse effect profiles of the 2 study medications are similar enough that unblinding, by noting identifiable drug-specific effects, was highly unlikely. Compliance with medication administration was assured by the research assistant's direct observation of each nebulization and, if need be, by the research assistant's administration of each one. All infants with an RAO 2 of 95% or less received supplemental oxygen when not receiving nebulizations. The study drug was administered at 0, 30, and 60 minutes. Prior to each drug administration and at 90, 120, and 150 minutes, the investigator assessed the infant's condition and recorded the RDAI score, respiratory rate, RAO 2 , heart rate, and presence or absence of pallor, vomiting, and tremor.
Patients were excluded from the study if the administration of the study drug was delayed by 10 minutes or more (protocol deviation) or if clinical deterioration mandated escalation of therapy and/or support. Patients were in the ED for at least 150 minutes. At the end of that period, the blinded investigator determined the need for admission based on his or her clinical assessment of the infant's condition. Other than supplemental oxygen requirement, there were no absolute admission criteria. In this way, the study sought to model ED disposition decisions as they are made by ED physicians assessing infants with bronchiolitis, that is, by clinical judgment. The investigator was permitted to use factors other than the RDAI score, such as the infant's general appearance or ability to feed, in making disposition decisions. Although all patients completed the 150-minute protocol, if a patient was judged well enough to be discharged from the ED prior to this time, the blinded investigator recorded this as "time well enough for discharge." The primary study outcome measure was the degree of clinical improvement in the infant's condition, as reflected by the RDAI score and respiratory rate. The RDAI score is a clinical score based on the 2 variables of wheezing and retractions 8 ; it is the most frequently used clinical scoring instrument in the study of epinephrine for bronchiolitis. [5] [6] [7] 9 Secondary outcome measures were RAO 2 , time well enough for ED discharge, hospitalization rate, and relapse rate. Discharge medications and instructions were determined by the ED physician caring for the infant; this physician was not involved in the study. The investigators contacted the parents or guardians of discharged study infants via telephone 3 days after their ED visit to determine a relapse rate.
A 2-week pilot study was conducted from January 7, 1998, through January 21, 1998, to help identify the degree of change in the RDAI score that may be considered clinically significant. Based on the findings of previous studies 5, 8, 9 and the pilot study, an improvement of 3 or more in the RDAI score was determined to be clinically significant. A power analysis revealed that, for detection of this difference of 3 or more in RDAI score with a power of 80%, the total number of study infants required was 66. The study was not powered to detect other outcome measures. In an interobserver reliability exercise for the RDAI, conducted in parallel to the study, combinations of 2 to 5 investigators participated in the joint examination of 18 infants. Using the variance components approach and generalizability methods, analysis of the resulting data using the SPSS/PC + V8 software 10 yielded an interobserver reliability coefficient of 0.73. The following data were analyzed using SPSS/PC + V8 software. 10 The difference between the study groups (mean RDAI scores, respiratory rates, and RAO 2 s) at each time point was evaluated with 95% confidence intervals (CIs). Similarly, CIs were used to compare the mean RDAI scores of infants admitted vs those discharged from the ED, and to compare the study groups' hospitalization and relapse rates. The Mann-Whitney test was used to study the time well enough for ED discharge. For some nonnormally distributed variables, the median (50th percentile) and interquartile range (25th and 75th percentiles) were used for descriptive statistics.
RESULTS

PATIENT ENROLLMENT
Data collection occurred during 3 consecutive winters (1998) (1999) (2000) . Seventy-three infants were enrolled in the study (Figure 1) . No parent or guardian approached for enrollment refused to participate in the study. Seven infants were excluded after enrollment. Thus, 66 children were studied.
PATIENT CHARACTERISTICS
Among the 66 study infants, 1 through 10 months of age, 34 (51.5%) were assigned to the epinephrine group; 36 (54.5%) were boys. Fifty-five infants (83.3%) were products of full-term pregnancies and 9 (13.6%) were born prior to 37 weeks' gestation. At enrollment, no significant differences were noted between the 2 study groups with respect to patient characteristics ( Table 2) or degree of illness ( Table 3) .
MAIN OUTCOME MEASURES
Mean RDAI score improved significantly with time across the study population (PϽ.001) (Figure 2) . No time point revealed a significant difference between the study groups (mean RDAI scores) ( Table 4) . At no time did the 95% CIs for the difference between the treatment groups' mean RDAI score support a mean RDAI score difference of more than 2.2 favoring albuterol or 2.6 favoring epinephrine, each less than the clinically significant difference of 3 ( Table 4 ). The mean RDAI score of infants who required admission (7.5, n = 28) was higher than that of those who were discharged from the ED (4.3, n = 38) (mean difference, 3.2; 95% CI, 1.71-4.66).
Mean respiratory rate improved significantly with time across the study population (PϽ.001) (Figure 3) . No time point revealed a significant difference between the treatment groups' mean respiratory rates ( Table 5) .
Mean RAO 2 improved significantly with time across the study population (P=.02) (Figure 4) . No time point revealed a significant difference between the treatment groups' mean RAO 2 s ( Table 6 ). The median time well enough for ED discharge was significantly less in the epinephrine-treated group, 90 minutes (interquartile range, 60-120 minutes), than in the albuterol-treated group, 120 minutes (interquartile range, 92.5-157.5 minutes) (P=.01). Study group hospitalization rates did not significantly differ-epinephrine 47.1% (16/34) vs albuterol 37.5% (12/32) (relative risk, 1.25; 95%CI, 0.71-2.22).
ADVERSE EFFECTS
Adverse effects were few. No infant experienced tremor. Six infants vomited during the course of the study pro- 
FOLLOW-UP DATA
Thirty-eight infants were discharged from the ED. All infants were discharged with instructions to use albuterol. Three days following ED discharge, telephone contact was made with the parents or guardians of 35 treated infants: follow-up rate of 92.1%. Eight (42.1%) of 19 infants in the albuterol-treated group returned to medical attention; 6 returned to an ED (4 were admitted to a hospital) and 2 to their primary physician's office (1 was hospitalized). Three (18.8%) of 16 infants in the epinephrine-treated group returned to medical attention; all 3 returned to an ED (2 were admitted to a hospital). There was no significant difference in the relapse rate between the 2 study groups (epinephrine vs albuterol; relative risk, 0.45; 95% CI, 0.14-1.41).
COMMENT
Data from this prospective, randomized, double-blind study demonstrate that infants moderately ill with bronchiolitis treated with epinephrine experienced the same degree of improvement in clinical score, respiratory rate, and RAO 2 over time as those treated with albuterol. Furthermore, there were no significant differences in hospitalization rate, adverse effects, or relapse rate between these treatment groups. There was no trend toward decreased hospitalization in the epinephrine-treated group. However, the median time at which patients were well enough for ED discharge was earlier in the epinephrinetreated group than in the albuterol-treated group.
At our manuscript preparation, 7 prospective, randomized, double-blind studies have compared nebulized epinephrine to nebulized salbutamol, albuterol, or placebo in the treatment of bronchiolitis [5] [6] [7] 9, [11] [12] [13] ; 3 of these studies were conducted in an ED. [5] [6] [7] Menon et al 5 randomly assigned 41 infants to receive either epinephrine or salbutamol. These investigators found that the mean RAO 2 , a main study outcome, was significantly higher among epinephrinetreated children at 60 minutes than among salbutamoltreated children. 5 In addition, their epinephrine-treated group had a lower hospitalization rate and a significantly more rapid rate of ED discharge than their salbutamoltreated group. Menon et al included patients with mild bronchiolitis (RDAI score Ն4), treated patients with just 2 doses of the study drug, and failed to demonstrate significant differences in improvement of the RDAI score or respiratory rate between the epinephrine-treated and salbutamoltreated groups. As such, it is difficult to explain the significantly lower admission rate (33%) of their epinephrinetreated group compared with that of their salbutamoltreated group (81%). 5 Similarly, despite no significant difference in mean RDAI scores between our epinephrine-and albuterol-treated groups, our epinephrinetreated infants had a more rapid rate of ED discharge. Menon et al 5 did not comment on the possible reasons for the difference in ED discharge rates between their 2 study groups. We speculate that there may have been clinical findings other than those assessed by the RDAI score (eg, mental status, aeration, inspiratory-expiratory ratio) that differed significantly enough between our 2 study groups to lead to the earlier ED discharge of epinephrine-treated infants. Future studies will be needed to confirm this hypothesis and identify such factors. There is some subjectivity in the use of a clinical score to assess the degree of clinical improvement. However, the RDAI has frequently been used in studies of the role of epinephrine in bronchiolitis. [5] [6] [7] [8] [9] Its internal validity was established previously 8 and excellent interobserver reliability with the RDAI has been reported by ourselves as well as other investigators in this field of study. 5, 6, 8, 9 An alternative means of clinical assessment would have been to perform pulmonary function testing in sedated subjects. This would have been technically difficult and the results would not have been generalizable to the ED.
Ray and Singh 6 randomized 91 children, age 0 to 2 years, with "wheezing associated with respiratory tract infection to receive either epinephrine or salbutamol." 6 (p13) In this study, patients treated with epinephrine had significantly greater improvement in mean RAO 2 and a significantly lower mean RDAI score and admission rate compared with those treated with salbutamol. By enrolling children up to 2 years of age and not excluding those with a history of wheezing, it is likely that Ray and Singh ' s study population included some children with asthma who may respond differently to epinephrine than do those with bronchiolitis. We attempted to exclude children with asthma by not enrolling children older than 1 year and/or those with a history of wheezing. Furthermore, since Ray and Singh ' s study subjects were severely ill (mean RDAI score, Ͼ13; mean RAO 2 , 91%), their results may not be generalizable to a moderately ill population. In a more recent study, Abul-Ainine and Luyt 7 failed to find a significant difference between the mean RDAI scores of infants treated with epinephrine and of those treated with an isotonic sodium chloride solution. However, because there were just 19 children in each study group and because they were treated with just 1 dose of epinephrine or placebo, it is possible that a clinically significant difference might have been missed.
In addition to using strict enrollment criteria to identify children with bronchiolitis, our study had other strengths. In contrast to the 3 previous ED-based studies, we used a clinical score (RDAI) and respiratory rate as our primary outcome measures. The RDAI is a noninvasive scoring instrument that may be easily adopted by clinicians in a nonstudy setting. Also, since the dose of 2.25% racemic epinephrine used in our study (0.9 mg/ kg) was considerably higher than that used by Menon et al 5 (3 mg), Ray and Singh 6 (0.1 mg/kg), and AbulAinine and Luyt 7 (3 mg), it is not likely that the demonstrated lack of a clear benefit of epinephrine was caused by our underdosing of the study medication.
Our study had some limitations. Our study population consisted of a convenience sample of patients and potentially eligible children were not enrolled. We have no reason to suspect that moderately ill infants with bronchiolitis in the ED at times when research assistants or investigators were unavailable to enroll them in the study would have responded differently to study medications. The study took parts of 3 winters to complete because it started at the end of the first winter and was not fully completed by the end of the second winter (61 [92%] of study population enrolled by then). Also, these results may not be generalizable to children in a non-ED setting.
We evaluated 66 children in our study. Based on prestudy estimates, this sample size was large enough to exclude the possibility of a type II error. Although it is possible that small differences between the 2 drugs' effects on the subjects may have become apparent with a larger sample size, it is unlikely that these differences would have been clinically meaningful. The study was not powered to detect differences in secondary outcome measures.
The use of albuterol to treat infants with bronchiolitis was the standard of care in our ED at the time this study ( was initiated. Our study question was whether epinephrine was more efficacious than the current standard of care.
Although it is likely that a benefit of epinephrine therapy would have been demonstrated had it been compared with placebo, we believe it would have been inappropriate to compare epinephrine with a placebo. Finally, our method omitted testing study subjects for nasopharyngeal colonization of respiratory syncytial virus. Albeit the most common pathogen implicated in bronchiolitis, respiratory syncytial virus is one of many viruses associated with this disease. 14, 15 We believe that our enrollment criteria were stringent enough to select for a population of children with clinical bronchiolitis and we did not wish to exclude those children with bronchiolitis caused by viruses other than respiratory syncytial virus.
CONCLUSIONS
Our study has demonstrated that epinephrine is as safe as, but not more efficacious than, albuterol in the treatment of infants moderately ill with bronchiolitis. The use of epinephrine was not found to result in substantial clinical benefits compared with the use of albuterol. Although epinephrine-treated patients were judged well enough to be discharged from the ED significantly earlier than albuteroltreated ones, the clinical relevance of this 30-minute difference between the 2 study groups is debatable. Also, epinephrine has the disadvantage of being unable to be administered at home. These data suggest that use of either epinephrine or albuterol is a reasonable option in the treatment of infants moderately ill with bronchiolitis. Since there may be subsets of infants who will respond preferentially to one drug or the other, it is reasonable to administer epinephrine to infants with bronchiolitis who have a suboptimal response to initial treatments of albuterol.
What This Study Adds
Previous studies assessing the use of epinephrine in the treatment of bronchiolitis have left unconfirmed the hypothesis that epinephrine therapy is more efficacious than salbutamol or albuterol in the ED treatment of moderately ill infants with this disease. Our prospective, randomized, double-blind study of epinephrine vs albuterol in the ED treatment of infants moderately ill with bronchiolitis demonstrates that epinephrine is as safe as, but not more efficacious than, albuterol in this setting. The epinephrine-treated patients' more rapid rate of discharge from the ED suggests that a subset of patients may be more responsive to epinephrine. Results of our study suggest that either epinephrine or albuterol may be used by ED physicians in the treatment of moderately ill infants with bronchiolitis.
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